###### Clinical Perspective

What Is New?
============

-   In a randomized, double-blind trial in 18 924 patients with acute coronary syndrome and elevated atherogenic lipoproteins despite intensive statin treatment, fewer deaths occurred with the PCSK9 (proprotein convertase subtilisin-kexin type 9) inhibitor alirocumab (334, 3.5%) than with placebo (392, 4.1%; *P*=0.03, nominal *P* value).

-   In 8242 patients eligible for at least 3 years of follow-up, alirocumab reduced mortality (*P*=0.01).

What Are the Clinical Implications?
===================================

-   Alirocumab added to intensive statin therapy has the potential to reduce death after acute coronary syndromes, particularly if treatment is maintained for ≥3 years.

**Editorial, see p 113**

Monoclonal antibodies targeting PCSK9 (proprotein convertase subtilisin-kexin type 9) produce substantial and sustained reductions in low-density lipoprotein cholesterol (LDL-C), alone or when added to statin therapy.^[@R1]--[@R4]^ In the FOURIER (Further Cardiovascular Outcomes Research With PCSK9 Inhibition in Patients With Elevated Risk)^[@R5]^ and SPIRE-2 (Studies of PCSK9 Inhibition and the Reduction of Vascular Events-2)^[@R6]^ trials, treatment with the PCSK9 antibodies evolocumab or bococizumab reduced nonfatal cardiovascular events in patients with high cardiovascular risk or stable atherosclerotic cardiovascular disease, but did not demonstrate a statistically significant reduction in death (hazard ratio \[HR\], 1.04; 95% CI, 0.91 to 1.19 for FOURIER and HR, 0.91; 95% CI, 0.63 to 1.32 for SPIRE-2).

The ODYSSEY OUTCOMES (Evaluation of Cardiovascular Outcomes After an Acute Coronary Syndrome During Treatment With Alirocumab) trial^[@R7]^ compared the PCSK9 human monoclonal antibody alirocumab with placebo in patients with recent acute coronary syndrome (ACS) and elevated atherogenic lipoproteins despite intensive or maximum tolerated statin therapy. Alirocumab reduced the risk of the primary composite outcome of coronary heart disease (CHD) death, ischemic stroke, myocardial infarction, or unstable angina requiring hospital admission.^[@R8]^ Fewer deaths were observed in patients randomized to alirocumab.

To better understand the effects of alirocumab on death, this report describes all-cause, cardiovascular, and noncardiovascular death in participants eligible for ≥3 years of follow-up, the interaction of treatment and baseline LDL-C on death, and the association between nonfatal cardiovascular events and noncardiovascular death.

Methods
=======

The data that support the findings of this study are available from the corresponding author upon reasonable request.

Study Design
------------

Details of the study have been published.^[@R7],[@R8]^ Patients were aged ≥40 years, had provided written informed consent, had been hospitalized with ACS 1 to 12 months before randomization, and had LDL-C levels ≥70 mg/dL (1.81 mmol/L), or non--high-density lipoprotein cholesterol levels ≥100 mg/dL (2.59 mmol/L), or apolipoprotein B levels ≥80 mg/dL after ≥2 weeks of stable treatment with atorvastatin 40 to 80 mg daily, rosuvastatin 20 to 40 mg daily, or the maximum tolerated dose of one of these statins.

After a prerandomization run-in phase, patients were randomly assigned to blinded treatment with alirocumab 75 mg or matching placebo given by subcutaneous injection every 2 weeks (see [Methods in the online-only Data Supplement](https://www.ahajournals.org/doi/suppl/10.1161/circulationaha.118.038840)). All patients provided written informed consent. All sites obtained institutional review board approval as per local and national guidelines.

Study End Points
----------------

The primary end point was the composite of death caused by CHD, nonfatal myocardial infarction, ischemic stroke, or unstable angina requiring hospitalization. To control for multiplicity, secondary end points were analyzed in the following prespecified hierarchical sequence to preserve type I error^[@R8]^: any CHD event; major CHD event; any cardiovascular event; the composite of all-cause death, nonfatal myocardial infarction, or ischemic stroke; CHD death; cardiovascular death; and all-cause death. Initially the protocol only had all-cause death in the hierarchy^[@R7]^; a protocol amendment (10/11/2017) inserted CHD death and cardiovascular death before all-cause death. A Clinical Events Committee, blinded to treatment assignment and lipid levels, adjudicated all primary and secondary end points and categorized each death as cardiovascular or noncardiovascular, and subcategorized causes of death within each category. Noncardiovascular death considered alone was a post hoc end point. Deaths of indeterminate cause were analyzed as cardiovascular deaths.

Statistical Analysis
--------------------

Efficacy was determined by time to first occurrence of any component of a given end point by intention-to-treat. Design assumptions were a primary end point incidence of 11.4% at 4 years in the placebo group and a median baseline LDL-C level of 90 mg/dL (2.33 mmol/L), reduced by 50% with alirocumab treatment, resulting in an expected 15% hazard reduction. At a 5% significance level, the trial had 90% power with 1613 primary end point events occurring in 18 000 patients with a median follow-up of approximately 3 years. In China, 614 patients were randomized after the main trial cohort. The protocol specified that the trial continue until at least 1613 primary end point events occurred and all evaluable patients had been followed for ≥2 years (except those from China), ensuring a minimum observation time to assess safety and efficacy. There were no study-powering assumptions around death. Treatment HRs and 95% CIs were estimated by Cox proportional hazards models, stratified by geographic region; *P* values were determined by stratified log-rank tests. Heterogeneity of treatment effects in subgroups based on incidences in the absolute scale were compared with the Gail-Simon test.^[@R9]^

A prespecified analysis (outside of the hierarchical analysis of efficacy) evaluated treatment effect on death among patients eligible for ≥3 years of follow-up (ie, randomized ≥3 years before the common study end date) on an intention-to-treat basis. Another prespecified analysis determined whether treatment effect on death was different before and after 1 year of follow-up, by comparing Cox proportional hazard models that allowed the treatment HR to vary before and after 1 year (stratified by region) to models where the treatment HR was assumed constant over time, and was done to test whether the former or latter analysis provided a better fit to the observed data.

To explore the association between the risks of nonfatal cardiovascular events and cardiovascular or noncardiovascular death, hazard functions for total (first and subsequent) nonfatal cardiovascular events (myocardial infarction, stroke \[including hemorrhagic\], or unstable angina requiring hospitalization) and cardiovascular or noncardiovascular death were estimated by general joint semiparametric models.^[@R10]^ The model includes 2 independent association parameters that represent the strength of within-patient association between nonfatal event times and within-patient association of nonfatal and fatal event times. If the association parameter between nonfatal events is 0, nonfatal event times for a given patient are independent, whereas an association parameter \>0 indicates association between nonfatal event times. Likewise, if the association parameter for nonfatal and fatal events is 0, nonfatal and fatal event times for a given patient are independent, whereas an association parameter \>0 indicates that nonfatal and fatal event times are associated. Treatment effects on nonfatal and fatal events are summarized separately by HRs and corresponding 95% CIs. Point estimates and corresponding 95% CIs are also generated for association parameters. Additional details of the model are provided in the [Methods in the online-only Data Supplement](https://www.ahajournals.org/doi/suppl/10.1161/circulationaha.118.038840).

To determine the association between baseline LDL-C and death, patients were classified according to baseline levels of LDL-C in prespecified categories of \<80 mg/dL (2.07 mmol/L), 80 to \<100 mg/dL (2.07 to \<2.59 mmol/L), and ≥100 mg/dL (2.59 mmol/L). To assess the relationship between LDL-C achieved on alirocumab at month 4 and the subsequent risk of death, a spline plot was created, with an HR of 1 set to the median value of achieved LDL-C in that treatment group. The latter analysis was performed post hoc and was adjusted for age, region, diabetes mellitus status, and baseline LDL-C.

Results
=======

A total of 18 924 patients were randomized at 1315 sites in 57 countries (see [Figure in the Data Supplement](https://www.ahajournals.org/doi/suppl/10.1161/circulationaha.118.038840)). Median follow-up was 2.8 (interquartile range, 2.3--3.4) years. Premature treatment discontinuation for reasons other than death or blind switch to placebo because of low LDL-C levels occurred in 1343 (14.2%) patients receiving alirocumab and 1496 (15.8%) patients receiving placebo. Ascertainment for vital status was complete in 99.8% of potential patient-years of follow-up.

Effect on the Primary End Point
-------------------------------

As previously reported,^[@R8]^ the primary end point occurred in 903 (9.5%) patients in the alirocumab group and 1052 (11.1%) patients in the placebo group, with 4-year Kaplan-Meier estimates of 12.5% and 14.5%, respectively (HR stratified by region, 0.85; 95% CI, 0.78 to 0.93; *P*\<0.001). The effect of alirocumab was less pronounced during the first year (HR, 0.94; 95% CI, 0.83 to 1.08; *P*=0.38), and was greater after the first year (HR, 0.77; 95% CI, 0.69 to 0.87; *P*\<0.001). A prespecified analysis showed that a model allowing the treatment effect to differ before and after the first year of follow-up fit the data better than a model with a constant treatment effect (*P*=0.03 for model fit improvement).

Effect on All-Cause Death
-------------------------

A total of 726 (3.8%) patients died during the trial. The baseline characteristics of the total cohort, survivors, and patients who died are summarized in Table [1](#T1){ref-type="table"}. Fewer deaths occurred in the alirocumab group versus the placebo group (334 \[3.5%\] vs 392 \[4.1%\], respectively; HR, 0.85; 95% CI, 0.73 to 0.98; *P*=0.03; Figure [1](#F1){ref-type="fig"}). Because all-cause death followed CHD death and cardiovascular death in the prespecified hierarchy of main secondary end points, the *P* value for all-cause death was considered nominal. Based on Kaplan-Meier estimates of death at 4 years of 5.3% and 6.4%, respectively, in the alirocumab and placebo groups, the absolute risk reduction was 1.1%, and the number of patients needed to treat for 4 years to prevent 1 death was 87.

###### 

Baseline Characteristics

![](cir-140-103-g001)

![**All-cause, cardiovascular, and noncardiovascular death (intention-to-treat population) shown as Kaplan-Meier curves (left panel) and in a forest plot (right panel).** CV indicates cardiovascular; and HR, hazard ratio.](cir-140-103-g002){#F1}

Similar to the primary end point, allowing a nonconstant treatment HR on all-cause death suggested a lag in the treatment effect of alirocumab; treatment benefit was absent during the first year (HR, 1.01; 95% CI, 0.77 to 1.32; *P*=0.95), but was evident after the first year (HR, 0.79; 95% CI, 0.66 to 0.94; *P*=0.0073; *P*=0.13 for improvement in model fit versus the constant hazard model \[with an HR of 0.85\]).

Given prior evidence for a delayed benefit of lipid lowering in many statin trials, a prespecified analysis examined whether lower mortality with alirocumab was related to the potential duration of treatment. We examined death among 8242 patients (44% of the full study cohort) eligible for ≥3 years of follow-up. The baseline characteristics of this subset and of patients enrolled for \<3 years before the common study end date are described in [Table I in the online-only Data Supplement](https://www.ahajournals.org/doi/suppl/10.1161/circulationaha.118.038840). Among patients eligible for ≥3 years of follow-up, the benefit of alirocumab on all-cause death (HR, 0.78; 95% CI, 0.65 to 0.94; *P*=0.01; Figure [2](#F2){ref-type="fig"}) appeared more pronounced than in the overall trial population. For patients eligible for \<3 years of follow-up, the treatment HR for all-cause death was 0.96 (95% CI, 0.76 to 1.21; *P*=0.71; interaction *P*=0.19).

![**Prespecified all-cause death subgroup analysis.** **A**, All patients. **B**, Patients eligible for ≥3 years of follow-up. HR indicates hazard ratio.](cir-140-103-g003){#F2}

Effect on Cardiovascular and Noncardiovascular Death
----------------------------------------------------

As previously reported, CVD death occurred in 240 (2.5%) patients in the alirocumab group and 271 (2.9%) patients in the placebo group (HR, 0.88; 95% CI, 0.74 to 1.05; *P*=0.15), and represented 511 (70.4%) of all-cause deaths. Noncardiovascular death was also numerically lower with alirocumab (94 \[1.0%\] vs 121 \[1.3%\]; HR, 0.77; 95% CI, 0.59 to 1.01; *P*=0.06; Figure [1](#F1){ref-type="fig"}). Adjudicated cardiovascular and noncardiovascular causes of death are summarized in [Tables II and III in the online-only Data Supplement](https://www.ahajournals.org/doi/suppl/10.1161/circulationaha.118.038840). There was a low proportion of undetermined causes of death. Among 31 fewer cardiovascular deaths in the alirocumab group than in the placebo group, the largest differences between groups were for fatal myocardial infarction (n=10) and sudden cardiac death (n=8). Among 27 fewer noncardiovascular causes of death in the alirocumab group versus the placebo group, the largest difference was for death by pulmonary (n=14) causes.

Relationship Between Nonfatal Cardiovascular Events and Cardiovascular or Noncardiovascular Death
-------------------------------------------------------------------------------------------------

Overall, there were 206 fewer nonfatal cardiovascular events in the alirocumab group than in the placebo group. When nonfatal cardiovascular events and cardiovascular or noncardiovascular death are described as ordinal functions (Table [2](#T2){ref-type="table"}), there were numerically fewer of all types of events with alirocumab than with placebo as first events, second events, and third or more events, suggesting a linkage between the nonfatal events and cause-specific death.

###### 

Number and Timing of Cases of Cardiovascular or Noncardiovascular Death and Nonfatal Myocardial Infarction, Stroke, or Unstable Angina Requiring Hospitalization According to Ordinal Event Number
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Furthermore, successive nonfatal cardiovascular events were associated with a progressively greater risk of subsequent cardiovascular and noncardiovascular deaths. Among patients at risk for a first event in the alirocumab and placebo groups, noncardiovascular death occurred as a first event in 0.8% and 0.9%, while cardiovascular death occurred as a first event in 1.7% and 1.8%, respectively. After a first nonfatal cardiovascular event occurring an overall median of 1.1 (0.4, 1.9) years after randomization, noncardiovascular death occurred as a second event in 1.8% and 2.0%, while cardiovascular death occurred as a second event in 7.9% and 8.0%, respectively, of the patients in the alirocumab and placebo groups. Similarly, after a second nonfatal cardiovascular event occurring an overall median of 1.5 (0.9, 2.3) years after randomization, noncardiovascular death subsequently occurred in 3.7% and 6.2%, while cardiovascular death subsequently occurred in 11.1% and 14.8%, respectively, of the patients in the alirocumab and placebo groups. Qualitatively, these data indicate that each successive prior nonfatal cardiovascular event is associated with an increased subsequent risk for both cardiovascular and noncardiovascular death, and that the rate of subsequent cardiovascular death is four times higher than the rate of subsequent noncardiovascular death.

To provide a quantitative exploration of an association between nonfatal cardiovascular events and cardiovascular death, general joint semiparametric models were constructed for cause-specific death and nonfatal cardiovascular events with treatment assignment in the hazard functions. When the fatal event was noncardiovascular death (see [Table IV in the online-only Data Supplement](https://www.ahajournals.org/doi/suppl/10.1161/circulationaha.118.038840)), alirocumab reduced total nonfatal cardiovascular events (HR, 0.82; 95% CI, 0.74 to 0.91; *P*=0.0002) and was a predictor of reduced noncardiovascular mortality (*P*=0.052). The association parameter between nonfatal cardiovascular events and noncardiovascular death of 2.35 (95% CI, 1.98 to 2.73) indicates patients at higher risk for noncardiovascular death were also at higher risk for nonfatal cardiovascular events (*P*\<0.0001). Thus, a dependency between antecedent nonfatal cardiovascular events and subsequent noncardiovascular death, coupled with a reduction in the former with alirocumab (described in the primary analysis of the trial^[@R8]^ and in [Table V in the online-only Data Supplement](https://www.ahajournals.org/doi/suppl/10.1161/circulationaha.118.038840)), indicates that prevention of nonfatal cardiovascular events may have contributed to the lower number of noncardiovascular deaths with alirocumab.

There was a similar strong dependency between antecedent nonfatal cardiovascular events and subsequent cardiovascular death (see [Table VI in the online-only Data Supplement](https://www.ahajournals.org/doi/suppl/10.1161/circulationaha.118.038840)), with association parameter 3.49 (95% CI, 3.03 to 3.95; *P*\<0.0001).

To explore whether the strength of the relationship between nonfatal cardiovascular events and noncardiovascular death was affected by adjustment for factors that were prognostic for one or both of nonfatal cardiovascular events or noncardiovascular death, a multivariable general joint semiparametric model was fit with 13 baseline patient characteristics expected to be predictive of these events (see [Methods in the online-only Data Supplement](https://www.ahajournals.org/doi/suppl/10.1161/circulationaha.118.038840)). The resulting association parameter between nonfatal and fatal events of 1.03 (95% CI, 0.77 to 1.28) remained significant (*P*\<0.0001), indicating a persistent, strong relationship between nonfatal cardiovascular events and noncardiovascular death.

Relationship of Death to Baseline and Achieved LDL-C Levels
-----------------------------------------------------------

In a post hoc analysis, death was examined in three predefined subgroups of baseline LDL-C level (\<80 mg/dL \[2.07 mmol/L\], 80 to \<100 mg/dL \[2.07 to \<2.59 mmol/L\], and ≥100 mg/dL \[2.59 mmol/L\]; Figure [3](#F3){ref-type="fig"}). The HR for death was numerically lowest in the subgroup with baseline LDL-C ≥100 mg/dL (0.71; 95% CI, 0.56 to 0.90), but there was no significant heterogeneity of the effect of alirocumab on relative risk of death across categories of baseline LDL-C (*P*~interaction~=0.12). In contrast, there were significant gradients of the absolute risk of death in the placebo group and the absolute difference in death between alirocumab and placebo groups across baseline LDL-C subgroups, with greatest risk in the placebo group and greatest absolute risk reduction with alirocumab in the subgroup with baseline LDL-C ≥100 mg/dL (*P*~interaction~\<0.005). Using the Kaplan-Meier estimates of all-cause death at 4 years for patients with a baseline LDL-C value ≥100 mg/dL (5.8% vs 9.6%), the absolute risk reduction was 3.8%, and the number needed to treat for 4 years to avoid 1 death in that patient subset was 26.

![**All-cause death by baseline low-density lipoprotein cholesterol subgroup.** ARR indicates absolute risk reduction; HR, hazard ratio; and RRR, relative risk reduction.](cir-140-103-g005){#F3}

Spline analysis related continuous values of achieved LDL-C at 4 months to the subsequent risk of death. In the alirocumab group (median achieved LDL-C, 31 mg/dL), the risk of death declined with lower achieved LDL-C, down to an LDL-C level of approximately 30 mg/dL (adjusted *P* value for model = 0.017 for linear trend) (Figure [4](#F4){ref-type="fig"}).

![**All-cause death spline analysis of continuous intention-to-treat month-4 LDL-C for alirocumab-treated\* patients.** \*Hazard ratio (dashed lines indicate upper and lower bounds of the 95% confidence interval) is relative to median month-4 LDL-C (31 mg/dL \[0.80 mmol/L\]), adjusted for age, sex, geographic region, diabetes status, and baseline LDL-C. Degree = 3, 3 knots located at month-4 LDL-C quartiles (0.52, 0.80, and 1.27 mmol/L \[20, 31, and 49 mg/dL\]), *P* value for month 4 spline effect = 0.0169. LDL-C indicates low-density lipoprotein cholesterol.](cir-140-103-g006){#F4}

Discussion
==========

In ODYSSEY OUTCOMES, alirocumab, when added to intensive statin treatment, was associated with fewer all-cause deaths than placebo in patients with recent ACS and elevated atherogenic lipoproteins. This finding is considered nominally significant based on the prespecified hierarchical analysis of secondary end points. In an additional prespecified analysis, the treatment effect on death was particularly prominent among patients with a potential follow-up of ≥3 years. Patients starting at a higher baseline LDL-C level had a particularly prominent reduction in death with alirocumab, and patients achieving lower LDL-C levels at 4 months of treatment with alirocumab experienced a reduced risk of death.

A lower mortality was observed with alirocumab in the ODYSSEY OUTCOMES trial,^[@R8]^ whereas no difference in death was found with evolocumab or bococizumab, compared with placebo, in the FOURIER^[@R5]^ and SPIRE-2^[@R6]^ trials. This may be because of differences in the drugs and in the trial populations: the different findings in ODYSSEY OUTCOMES versus the FOURIER and SPIRE trials may be related to a population of patients with recent ACS in the former, whereas FOURIER^[@R5]^ enrolled stable patients with established atherosclerotic cardiovascular disease, and SPIRE-2^[@R6]^ enrolled a mixture of patients at high cardiovascular risk or with a previous cardiovascular event. Another possible explanation for different mortality findings is the duration of follow-up, which was longer in ODYSSEY OUTCOMES (median, 2.8 years) than in FOURIER^[@R5]^ (2.2 years) or SPIRE-2^[@R6]^ (12 months). Notably, ODYSSEY OUTCOMES had 8242 patients eligible for ≥3 years of follow-up, with some patients followed for as long as 5 years. In ODYSSEY OUTCOMES, a stronger treatment effect was seen beyond year 1 (albeit statistically significantly for only the primary outcome). These observations suggest that longer treatment with alirocumab resulted in greater clinical benefit that was eventually discerned as a reduction in death.

Supporting the mortality reduction with alirocumab is the observation that patients in the highest predefined category of baseline LDL-C (≥100 mg/dL \[2.59 mmol/L\]) not only were at the highest absolute risk for major adverse cardiovascular events or death (as demonstrated by the event rates in the placebo arm), but also achieved the greatest absolute treatment benefit on major adverse cardiovascular events and death with alirocumab. Importantly, this subset of patients is one that would have been predicted to derive a mortality benefit based upon meta-analysis of previous lipid-lowering trials^[@R11]^ that demonstrated the greatest reductions in total and cardiovascular deaths in patients with high baseline LDL-C levels, particularly those with baseline LDL-C ≥100 mg/dL.

An important observation in this report is that fewer all-cause deaths with alirocumab resulted from numerically fewer noncardiovascular as well as cardiovascular deaths. While the latter effect has an obvious mechanistic linkage to lipid lowering, the former effect may be less intuitive. It may appear to run counter to the concept of competing mortality risks, whereby a reduction in cardiovascular risk leaves more opportunity for death from noncardiovascular causes.^[@R12]^ It might reflect a play of chance or a consequence of an imperfect classification of death because of limited information in some cases. However, there is also evidence to suggest that the observation of fewer noncardiovascular deaths with alirocumab has a pathophysiological basis. First, the time to noncardiovascular death was significantly longer in patients treated with alirocumab than with placebo. Second, joint semiparametric modeling demonstrated that the risks of both noncardiovascular and cardiovascular death were linked to the risk of nonfatal cardiovascular events, and alirocumab had a strong favorable effect on the latter. Thus, the reduction in nonfatal cardiovascular events with alirocumab may have contributed to effects on both noncardiovascular and cardiovascular death, and in turn on all-cause death.^[@R13]^ Clinically, the prevention of nonfatal cardiovascular events may prevent cumulative disability, frailty, and susceptibility to the mechanisms of noncardiovascular illness and death. In that respect, the majority of the difference in noncardiovascular deaths between groups (27 deaths) was related to a reduction in pulmonary deaths (14 fewer with alirocumab; see [Table III in the online-only Data Supplement](https://www.ahajournals.org/doi/suppl/10.1161/circulationaha.118.038840)).

Finally, a greater effect of alirocumab to reduce death was associated both with higher baseline LDL-C and with lower on-treatment levels of LDL-C, as previously observed in statin trials.^[@R14]^ This finding suggests that patients with ACS who fail to achieve adequate reduction of LDL-C on conventional lipid-lowering therapy, particularly those whose LDL-C levels remain ≥100 mg/dL, may achieve a survival benefit with alirocumab treatment. Moreover, patients in the alirocumab group had a significant graded relationship of achieved LDL-C level to subsequent mortality, apparent to an achieved LDL-C level of approximately 30 mg/dL.

There are some limitations to our analysis. First, the classification of deaths as cardiovascular or noncardiovascular is unavoidably imperfect. Thus, total mortality may be a more reliable indicator of efficacy in long-term cardiovascular outcomes trials, and many deaths of unknown cause may in fact be cardiovascular. Indeed, in the Cholesterol Treatment Trialist Collaborative meta-analysis of 26 randomized statin trials,^[@R14]^ there were numerically fewer deaths of unknown cause with statins than with placebo (HR, 0.87; 95% CI, 0.73 to 1.03). In addition, the larger number of total deaths than either cardiovascular (\~70% of total) or noncardiovascular deaths (\~30% of total) provides more power to discern an effect on death from any cause. Second, the ODYSSEY OUTCOMES trial was designed to test a treat-to-target approach to lowering LDL-C levels after ACS. We cannot determine the extent, if any, to which intentional avoidance of very low LDL-C levels with a blinded dose-titration scheme influenced the mortality findings in the trial. Third, the mortality reduction with alirocumab is considered nominal given the position of all-cause death after end points that were not significantly reduced in the prespecified hierarchy of efficacy end points. Fourth, there are no head-to-head comparisons of the effects of PCSK9 inhibitors on clinical outcomes, and thus there are no data to prove that one agent is more effective than another on any specific clinical outcome or in any specific type of patient. Differences among trials with PCSK9 inhibitors regarding outcomes including death may be caused by differences in trial design (eg, duration of follow-up). Finally, as in any clinical trial, the effects observed in carefully selected participants may not fully reflect those that may be observed when the treatment is applied in a broader, less selective population treated in routine clinical practice.

Conclusions
===========

This report provides evidence that alirocumab, added to intensive statin treatment, may reduce all-cause death after ACS in patients with elevated atherogenic lipoproteins. Greater treatment benefit occurs beyond the first year, in patients with longer follow-up, and in patients with higher baseline LDL-C values (≥100 mg/dL). Patients achieving lower LDL-C values at 4 months, down to approximately 30 mg/dL, appear to be at lower risk of subsequent death. The findings indicate that long-term treatment with alirocumab in appropriately selected patients may result in prolongation of life.
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